We present the results of fatigue tests of sintered porous 316L austenitic stainless steel with different porosities. The parameters obtained from the hysteresis loop in a load cycle (the changes in the value of Young's modulus and the maximum and minimum stresses) are analyzed. The fatigue life of the porous materials with variable density is determined according to the Manson-Coffin relation.
The prepared compacts were sintered for 1 h in an oven equipped with a vacuum device at a temperature of 1230°C. After this procedure, the specimens were subjected to the last stage of the process of preparation, which gave their final shape by cutting with water and machining.
The monotonic tensile and appropriate tests were carried out in an MTS-858 Mini Bionix fatigue-testing machine with FlexTest SE digital control (Fig. 1) . To measure displacements and, in order to control the dynamic load, we used an Instron 2620-601 extensometer with a measurement base of 20 mm and a range of ±2.5 mm. The specimens were mounted in the testing machine by using specially designed handles.
Prior to strength testing, a monotonic tensile test was performed on specimens prepared from sintered 316L steel with different degrees of porosity. The nominal stress-strain curves were obtained (Fig. 2) . To compute the stress, we take into account only the original cross-sectional area of the specimen. Due to the shape of the specimen, we had no technical possibilities to measure its displacements in the process of loading. The basic mechanical properties of the investigated material were determined (Table 1) . We applied the uniaxial cyclic (symmetric) oscillating loading. This is explained by the fact that the sintered porous 316L stainless steel for joint components of the endoprostheses is exposed to compressive and bending stresses with dangerous tensile zones. In the course of our investigations, we recorded the following parameters: the loading force applied to the specimen, the elongation of the extensometer base, and the number of cycles to crack initiation. The averaged deformation of the measurement base was the control variable. The frequency of variations of the load f = 0.5 Hz. In our study, we analyzed various ranges of the control variable (strain amplitude ε a ): 0.01, 0.008, 0.007, 0.005, 0.004, 0.0035, and 0.002 [11] . Each trial was repeated three times.
The performed investigations make it possible to get the plots of fatigue life. They reveal the dependence of the strain amplitude ε a on the number of cycles N f 0 to complete fracture of the specimen. The comparison of the plots of fatigue life for three degrees of porosity shows that, as the porosity increases, the fatigue life measured as the number of cycles to complete fracture becomes about three times smaller for the total assumed load range (Fig. 3) .
The study of the fatigue life of sintered porous 316L steel with various degrees of porosity reveals the specific nature of the material. Significant changes in the appearance of the hysteresis loop in the process of cyclic loading were observed (Fig. 4) . Noticeable visible changes in the shape of the hysteresis loop are explained by the fact that the tests were carried out in the lower measuring range of the extensometer.
Further, we performed the analysis of variations of the elastic Young's modulus E (induced by the development of fatigue failure) both in the stage of tension and the in the stage of compression. In Fig. 5 , we present the comparison of Young's moduli for the sintered specimens with porosities of 41, 33, and 26% (for the strain amplitude ε a = 0.005). The values of Young's modulus were determined with a relatively low accuracy resulting from the measurement errors of the extensometer (operation within the lower range). It can be also affected by the nonlinear behavior of the material (plasticizing of the material near the pores even for small levels of loading).
In addition, the behaviors of the maximum and minimum stresses in various duty cycles were analyzed. Some of these results are shown in Fig. 6 . 
Damage Accumulation Analysis for Sintered 316L Stainless Steel with Various Porosities
The Manson-Coffin relationship (strain amplitude ε a as a function of the number of cycles to failure N f 0 ) was used to determine the fatigue life of the tested porous material (sintered 316L steel) [12] [13] [14] :
where N f 0 is the number of cycles to failure for a specimen of porous material, σ f 0 and ε f 0 are the coefficients of dependence specifying the fracture of the porous material, and b 0 and c 0 are the exponents in this dependence. After necessary transformations, it is possible to propose the dependences Δε e (N f * ) and Δε p (N f * ),
where N f * is the number of cycles to crack initiation (corresponding to a decrease in the maximum values of stresses in a loading cycle):
where σ f * and ε f * are the coefficients of the dependence used to describe the crack initiation in a porous material and b * and c * are the exponents in this dependence.
It should be noted that the value of N f * was found from the point of intersection of two approximating straight lines, namely, from the dependence of the maximum axial stress in a loading cycle on the number of loading cycles under the assumption that the first of these lines approximately describes a constant value of these stresses. The results of finding the parameters ε f 0 , c 0 , ε f * , and c * for different porosities by the leastsquares method are presented in Table 2 . The fatigue-life plots, i.e., the fracture of the specimens Δε p (N f 0 ) and the crack initiation Δε p (N f * ) in the sintered 316L stainless steel obtained for three different degrees of porosity have a similar behavior. It is worth paying attention to the physical interpretation of these plots. The relationship Δε p (N f * ) obtained by recording the number of cycles in which a sharp decrease in the maximum stress was observed is a crack-initiation curve for the porous material (Fig. 7a) . This relationship describes both the process of merging of pores and crack initiation. This completes the period of damage accumulation in the bridges between pores. Crack growth is intensified because the pores do not have sharp edges (as classical cracks) and the situation is similar to the case of cracks propagating at the edge of the hole. This effect is definitely stronger for materials with higher porosities. Basically, the relationship Δε p (N f 0 ) describes the curve of specimen failure, i.e., the time when the cracks reach their critical dimension and the specimen is not able to sustain any additional strain (we observe its fracture accompanied by the formation of a cross-sectional crack) (Figs. 7b-d) .
CONCLUSIONS
In analyzing the results of fatigue testing of sintered 316L stainless-steel specimens with various densities (their porosity varies from 26 to 41%), it is possible to draw important conclusions concerning the prediction of the damaged state and cracking processes in the material. In the process of modeling of the development of fatigue damage in the specimens made of sintered porous 316L stainless steel, we can distinguish two stages. The first stage is connected with damage accumulation in the bridges between pores that takes place on the microscale. It is crucial to take into account the stress concentration and plastic strains formed in the bridges (on the mesoscale). The second stage is connected with the merging of pores (cracking of the bridges between them), which should be considered on the mesoscale. This gives a similar effect of increase in the susceptibility of the material (decrease in Young's modulus and the maximum values of stresses in a loading cycle) for the case of growth of evenly spaced cracks in the material, which can be attributed to the fatigue loading of constant amplitude.
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